Purpose of Review Abdominal compartment syndrome (ACS) is defined as a sustained intra-abdominal pressure (IAP) greater than 20 mmHg that is associated with the development of new organ dysfunction or failure. Recent Findings Resuscitation to euvolemia continues to be a challenge, and in patients at risk of developing ACS, this is critical since fluid overload plays a major role in this development. Summary The following article addressed maneuvers that can result in decrease incidence of ACS.
Introduction
Fluid resuscitation to euvolemia is one of the main paths to avoid abdominal compartment syndrome on the surgical patient [1] . To understand the swinging pendulum of the surgical literature in this matter, we have summarized the historical development of volume resuscitation.
The use of normal saline as an effective lifesaving therapy was first described when treating cholera patients in the 1800s and evolved into the accepted therapy for other sources of hypovolemia including blood loss [2] . Later on, Carl John Wiggers performed meticulous experimentation, and in 1921, he was able to describe the relationship of the electrical cardiac cycle and cardiac valves, along with atrial, ventricular, and aortic pressures and their relationship with volume. The diagram of his cardiac cycle is still used in physiology courses today [3] . He also developed an experimental model of shock where dogs were subjected to hemorrhage down to differing systolic pressures [4] . A sea change in resuscitation principles was born out of basic science research performed by Tom Shires in Dallas, TX, during the late 1950s [5] He again used the Wiggers experiments, bleeding dogs according to protocols and experimenting with replacing shed blood and adding varying crystalloid and colloid solutions. His results showed a survival advantage in dogs resuscitated with shed blood plus 5 % body weight lactated Ringer's.
Vietnam was a seminal conflict in terms of advancements in military medicine. The advent of rapid air ambulance evacuation of casualties resulted in critically injured patients reaching the field hospital before exsanguination, and the liberal crystalloid resuscitation practices borne out by Dr. Shires' research resulted in the first description of adult respiratory distress syndrome, initially titled BDa Nang Lung^due to a military hospital in the area. These practices were brought back to the civilian populations after the war, and in American trauma centers during the 1980s, it was routine for trauma patients to receive large bore central venous access and 20-30 L of crystalloid resuscitation in the first 24 h after injury. Adult respiratory distress syndrome (ARDS) and abdominal compartment syndrome were common maladies as a result [6••] .
The consequences of overzealous crystalloid resuscitation were anecdotally known throughout trauma centers in the 1980s, but it was Mattox's seminal work on delayed fluid resuscitation in 1994 that introduced new ideas regarding low-volume resuscitation [6••, 7] . This study enrolled all hypotensive-penetrating torso traumas to standard vs. delayed crystalloid fluid resuscitation and was blessed with a robust recruitment secondary to an ongoing war for control of the Houston cocaine market at the time. Patients were randomized to receive either a standard 2-L crystalloid resuscitation vs. withholding resuscitation until in the operating room. A statistically significant difference in hospital stays and overall survival benefitted the delayed resuscitation group, and another change in ideas towards crystalloid resuscitation was afoot.
Following Mattox findings, a prospective randomized trial performed at the R. Adams Cowley Shock-Trauma Center in 2002 was published [8] . In this trial, hypotensive trauma patients were randomized to a blood pressure goal of 70 vs. 100 mmHg systolic pressure and found no difference in mortality. In contradistinction to Mattox's study, blunt trauma as well as penetrating was included.
The concepts of permissive hypotension and avoiding crystalloid resuscitation would be brought to the forefront during another American conflict in Iraq and Afghanistan. Rapid transport to forward field hospitals afforded a quicker control of surgical bleeding than the Vietnam experience, and again logistic difficulties prevented a conventional system of storing donated blood and transporting it to a site of need. The concept of the walking blood bank was revisited over 50 years after WWII and was a resounding success. Tertiary-referring hospitals in Germany and the continental USA witnessed massively transfused patients arriving warm, hemodynamically stable, and without the expected coagulopathy or acidosis. Retrospective studies [9] showed a statistically significant increase in survival for the patients resuscitated with warm fresh whole blood (WFWB) compared to transfusions based on blood components.
Unfortunately for the civilian population, a walking blood bank is a near impossibility and civilian trauma centers set out to approximate WFWB for their own hemorrhaging patients. Multiple studies in the early and late 2000s evaluated patient outcomes based on the type of resuscitation that massively transfused trauma patients received. Packed red blood cell (PRBC):fresh frozen plasma (FFP) ratios were used as a surrogate marker of the new concept of Bhemostatic^resuscitation and noted to correlate with survival [10] . An obvious bias towards the massively hemorrhaging moribund patient who does not survive long enough to activate the blood bank would favor lower RBC:FFP ratios was accounted for by excluding those who died within 1 h of arrival. Results strongly favored low PRBC:FFP ratios in multiple trials and further research into RPBC:platelet ratios continued to show improvements in outcomes.
As of the late 2000s, the state of the art resuscitation in American civilian trauma centers revolved around the creation of massive transfusion protocols (MTP) [11] . However, patients continued to receive high volumes of crystalloid resuscitation, albeit less than the days before Mattox's study where trauma patients were expected to suffer from ARDS. It was a natural progression to attempt to combine low ratio PRBC:FFP resuscitation that approximated whole blood with a low-volume crystalloid policy that minimized the deleterious effects of crystalloids [ In summary, thus far, there is no perfect fluid, nor a secret formula to resuscitate patients to avoid complications, other than maintaining euvolemia. In order to achieve this goal, early bleeding control and low volume resuscitation using an armamentarium of hemodynamic monitoring tools is desirable.
Principles of Management
& Early bleeding control: This is a point that deserves emphasis regardless of the primary disease process of the patient. Achieving early control of bleeding in trauma or in emergency general surgery is desirable and would avoid problems with coagulopathy and other physiological consequences. Until the bleeding is controlled, maintaining low systolic blood pressure is necessary to avoid unnecessary bleeding. & Maintaining euvolemia: This is a pivotal point of avoiding complications from intra-operative resuscitation. This becomes even more important when resuscitating elderly patients with comorbidities. If the patient is in the operating room secondary to an emergency general surgery problem, a preoperative estimation of cardiac function is desirable. Pulmonary artery catheters have fallen out of favor since the report from the New England Journal of Medicine of increasing pulmonary emboli incidence and not improving survival; however, in elderly patients with known pulmonary hypertension, this can be a valuable tool [15] . Trans-thoracic echo pre, intra-, and post operatively can provide with pivotal information in cardiac function and preload. In the operating room, and especially of the chest is not accessible trans-esophageal echocardiogram can be used for the same purpose [16•, 17-22] . Constant communication with an anesthesia is essential in avoiding over or under resuscitation which is associated with respiratory and renal complications, respectively [23] . If the patient is bleeding, then transfusing blood and products is required, and resuscitation with colloid solutions may provide an advantage in vasopressor use and ventilator days [24] . Fluid overload can contribute to bowel edema and possibly to future leaks, as well as being associated with soft tissue flap loss [25] . Stroke volume variation (SVV) can also be used as a goal of resuscitation in the intubated patient using an SVV that exceeds 13 % as a parameter to indicate volume responsiveness [25] . & Recommendations:
-Consider a baseline measurement of the patient's cardiac function either with formal echocardiogram or surgeon performed echocardiogram in the urgent setting if possible. -In the operating room, maintain close communication with anesthesia regarding intra-operative bleeding and need for blood or blood products transfusion attempting a 1:1:1 ratio. -Crystalloid infusion should be targeted to achieve the goal of euvolemia. -Intra-operative monitors to aid in euvolemic resuscitation include SVV monitoring, trans-thoracic echocardiogram and trans-esophageal to evaluate cardiac function and volume status.
Conclusions
Goal-directed volume resuscitation to euvolemia has been shown to be the best approach for surgical patients. Choosing tools to manage euvolemia, depending on the resources available in each clinical center as well as constant communication with anesthesia, are pivotal issues to improve patient outcomes.
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